MMPI-2 profiles of 93 presurgical intractable epilepsy patients were examined using Ward's method of cluster analysis. Three clusters were identified. The means of each cluster suggest that 45% of the sample had minimal psychological complaints, 30% presented with generalized clinical elevations, and 25% of the patients had profiles of intermediate elevations with a tendency to emphasize somatic complaints and/or depression. Gender, age of seizure onset, and seizure laterality were not found to be uniquely associated with the cluster profiles. Further examination of correlates of group membership is warranted to provide information for treatment planning.
Introduction
The identification of epilepsy surgery candidates at risk for psychological problems is an important component of the treatment provided by epilepsy management centers. The incidence of psychological disorders in epilepsy patients is higher compared to that seen in the general population (Whitman, Hermann, & Gordon, 1984) . Paraiso and Devinsky (1997) reviewed the literature and noted only a slight increase in the incidence of psychopathology in epilepsy patients compared to the incidence among other patients with chronic medical or neurological disorders (see also Trimble, Mendez, & Cummings, 1997) . However, Victoroff (1994) administered a structured clinical interview to 60 medically intractable patients with complex partial seizures and reported that 70% of the patients had a history of one or more DSM-IIIR Axis I diagnoses. Axis II disorders were seen in 18% of the patients. Depressive disorder was most common (58%) in this sample, followed by anxiety (32%) and psychotic disorders (13%) (Victoroff, 1994) .
Several neurological and psychosocial mechanisms have been hypothesized in the relationship between psychological disorders and epilepsy. These neurological and psychosocial factors are not mutually exclusive and the co-occurrence of these factors should be considered. The complexity of the relationships between neurological, psychological, and biological mechanisms highlights the importance of identifying subgroups within a sample to better understand the contributions of these factors to the individual's presentation.
Some specific epilepsy and patient characteristics are associated with psychopathology. Epilepsy diagnosis at an early age (Hermann, Schwartz, Karnes, & Vahdat, 1980) , gender (Strauss, Wada, & Moll, 1992) , and lateralization of seizure onset (Altshuler, 1990; Bear & Fedio, 1977; Flor-Henry, 1969; Robertson, Trimble, & Townsend, 1987) may be associated with an increase in psychopathology among epilepsy patients. Strauss et al. (1992) reported an interaction between gender and laterality, with male left temporal lobe epilepsy (LTL) patients most likely to be depressed. Research on the lateralization of temporal lobe seizure foci and the type of psychological symptoms exhibited by the respective patient groups report inconsistent findings (Altshuler, 1990; Bear & Fedio, 1977; Flor-Henry, 1972) . Flor-Henry (1969) , who initially reported laterality findings, described affective symptoms associated with right temporal lobe epilepsy (RTL) patients and more schizophrenia-like symptoms associated with LTL. Other researchers have reported that LTL patients endorsed more symptoms of depression than did patients with either RTL or bilateral seizure foci (Altshuler, 1990; Mendez, Cummings, & Benson, 1986; Robertson et al., 1987; Trimble et al., 1997) . Elevated anxiety symptoms have been associated with RTL patients (Trimble, Ring, & Schimtz, 1996) . However, attempts to replicate a specific syndrome for temporal lobe patients in general and symptoms by laterality have been unsuccessful (Stagno, 1996) . Similarly, seizure type has not been demonstrated to be a significant determinant of psychopathology in epilepsy (Dikmen, Hermann, Wilensky, & Rainwater, 1983; Hermann et al., 1980; Matthews & Klove, 1968) .
Earlier research demonstrates the sensitivity of the MMPI as a measure of psychopathology in epilepsy patients (Dikmen et al., 1983) . Dikmen et al. (1983) obtained prior and current psychiatric information on patients who completed the MMPI to demonstrate the validity of the MMPIs clinical scales. The revised form, the MMPI-2, incorporates many improvements on the old test, including the elimination of outdated items, improvements in wording, the use of uniform t-scores, and a newly updated normative sample. The multitude of MMPI publications that have documented the psychometric properties of the validity and clinical scales in diverse populations provides further strength for its use. In a number of medical populations such as chronic pain (Riley, Robinson, Geisser, & Wittmer, 1993) , eating disorders (Strassberg, Ross, & Todt, 1995) , and insomnia (Edinger, Stout, & Hoelscher, 1988) , cluster analysis has been used to identify subgroups using the MMPI/MMPI-2 and related correlates. There is no peer-reviewed published study using the MMPI in the epilepsy literature that has tested for subgroups of psychopathology using cluster analysis.
The present study was designed to address three questions: (1) Are there common two-point MMPI-2 code types in patients with intractable epilepsy? (2) Are there subtypes of MMPI-2 profiles for these patients using cluster analysis? (3) Are MMPI-2 cluster profiles uniquely associated with gender, age of seizure onset, and seizure lateralization?
Method

Participants
Ninety-three intractable epilepsy patients underwent a comprehensive presurgical neuropsychological evaluation as possible candidates for neurosurgical intervention. All patients were refractory to several years of antiepileptic medication treatments. Seizure type was primarily complex partial seizures; however, some patients may have presented with concomitant generalized and/or pseudoseizures. Demographic variables included age (X = 37.08 years, S.D. = 10.47 years), age of chronic seizure onset (X = 15.02, S.D. = 13.29), education (X = 12.61 years, S.D. = 2.47 years), and Wechsler Adult Intelligence Scale-Revised, Full Scale IQ (WAIS-R FSIQ; X = 90.30, S.D. = 11.30). Of the 93 surgical candidates, there were 25 patients with LTL seizure focus, 28 patients with RTL seizure focus, and 40 patients whose neurological evaluations failed to reveal evidence of focal output. There were 31 male patients and 62 female patients.
Epilepsy patients with identified extratemporal lobe foci (n = 6) were excluded from the study. One protocol was considered invalid and excluded based on the criteria suggested by Butcher, Grham, and Ben-Porath (1995) , Graham (1993) , and Greene (1991) . One patient was excluded from the analysis because English was not the primary language of the individual.
Results
Frequency of patients with clinical scales with t-scores ≥65 was obtained. Fifty-one patients were elevated on Sc (54.8%), 48 patients were elevated on D (51.6%), and 48 patients were elevated on Hs (51.6%). Other frequencies ranged from 36 patients with elevations on Hy (38.7%) to 16 patients with elevations on Pd (17.2%). Twelve patients did not have any clinical elevations.
Code types
MMPI-2 protocols were examined for common two-point code types. No predominant two-point code types were identified with clinical scales t ≥ 65 (see Table 1 ). The most frequent code types were as follows: 12 patients with a 1-2/2-1 code type (Hs-D), 6 patients with a 1-3/3-1 code type (Hs-Hy), and 6 patients with a 2-3/3-2 code type (D-Hy). Seven patients had a 9 code type (Ma) and six patients had a 2 code type (D). The remaining code types had a frequency of three or less patients. Overall, various combinations of Hs, D, and/or Hy were found in 33 of the 93 patients (35%).
Ward's cluster analysis
A cluster analysis was performed on t-scores of the three validity and nine clinical scales (i.e., Mf was not used) of the MMPI-2. Ward's clustering method, with squared Euclidean distance as the dissimilarity measure, was chosen to obtain the minimum variance within clusters (Aldenderfer & Blashfield, 1984) . Both the degree of psychopathology and the nature of the patient's complaints are considered important to the current research questions. Interpretations of MMPI profiles are distinguished primarily on the basis of elevations or the scales that have the highest scores. Given the importance of the degree of distress, profile elevation was identified as an important factor to be considered when selecting a cluster analysis technique. Therefore, using a clustering technique with sensitivity to the level of profile elevation and consideration of the profile pattern is ideal. In some circumstances, Ward's clustering method with squared Euclidian distance can be the method of choice given the primary interest in profile elevation or degree of psychopathology (Aldenderfer & Blashfield, 1984; Overall, Gibson, & Novy, 1993) . In addition, Ward's clustering method is a widely used and accepted technique in the behavioral and social sciences.
Given that different cluster analysis methods generate different solutions, we also explored the results provided from the average linkage within group method. This procedure combines clusters so that the average distance between all cases in the resulting cluster is as small as possible. Therefore, the patterns but not elevations are mainly used to provide structure to the data. The average linkage within group method results did not provide clinically meaningful separations of the group, and therefore, we present the results obtained from the Ward methodology only. As will be described in further detail below, although the Ward's method tends to overemphasize elevation and scatter relative to shape or pattern, the current results appear to differentiate somatic-neurotic profiles from those with more mental confusion, alienation, and more overall psychological distress.
The agglomeration coefficient denotes the distances between the two most dissimilar points of the clusters being combined at each stage. Percentage change in the agglomeration coefficient was used for determining the optimal number of clusters (Aldenderfer & Blashfield, 1984; Norusis & SPSS, 1994) . Inspection of the agglomeration coefficient (see Table 2 ) shows that the increase in percentage change doubles when moving from the three-to two-cluster solution after relatively small increases. This indicates that the three-cluster solution is the optimal one. The mean and standard deviation of the validity and clinical scale scores for each of the clusters are listed in Table 3 and the means are plotted in Figure 1. 
Cluster 1
The average MMPI-2 profile for the first cluster reflects severe overall psychological distress with clinical elevations on many scales, the highest of which were D (72.93) and Sc (72.29) with significant elevations also on Pa (71.64), Hs (67.64), Hy (66), and Pt (67.29). This average profile suggests that Cluster 1 primarily includes individuals with significant and generalized psychological complaints. Patients whose profiles resemble the average profile of Cluster 1 can be expected to report difficulty concentrating, confusion, and memory impairment. Endorsing such symptomatology is consistent with potential influences of anticonvulsant medications on cognition as well as the possibility of significant psychopathology that may influence cognitive abilities. Furthermore, the mean profile of this cluster is not unlike the non-specific means of psychiatric patients in general. There were 28 patients in this cluster (30%), with 8 males and 20 females. Within Cluster 1, 7 were LTL patients, 8 were RTL patients, and 13 patients lateralization remained undetermined. On average, these patients were 35.9 years old (S.D. = 9.3), have 12 years of education (S.D. = 3), and a FSIQ of 87.3 (S.D. = 10.1). Examination of primary code types in this cluster reveals a significant proportion of patients with elevations in the clinical range (>65 t). Over 60% of the patients in this cluster had elevations on Hs (60.7%), D (75%), Hy (60.7%), Pa (82.1%), Pt (60.7%), or Sc (92.9%), again highlighting the significant distress endorsed by this sample. 
Cluster 2
The average profile of the second cluster has no average scale elevations within the clinical range. This average profile suggests that Cluster 2 represents patients who have minimal or no psychological complaints. Inspection of the code types within this cluster demonstrated that all 12 patients without clinical elevations were included as well as patients with minor one-, two-, and three-point elevations (see Table 1 ). Further inspection of the degree of elevation in these code types revealed that only four patients (9.5%) had t-score elevations greater than 70 (range between 71 and 81 t).
There were 42 patients in this cluster (45%). Sixteen patients were males and twenty-six patients were females. There were 12 patients with LTL, 13 patients with RTL, and 17 non-lateralized patients. The mean age of this group was 37.3 (S.D. = 11.4). On average, these patients had FSIQ of 92.9 (S.D. = 12.7) and 13 years of education (S.D. = 2.3).
Cluster 3
The average profile for the third cluster shows clinical elevations on three scales (Hs = 72.04, D = 70.74, Hy = 69.5), with other clinical scales within normal limits. This average profile suggests that this cluster consists of patients whose profiles are characterized neither by a lack of generalized elevation nor by generalized elevation, but they tend to express somatic concerns and may have some degree of depression. The majority but not all of the patients with two-point code type elevations on Hs, D, and/or Hy was included in this cluster (see Table 4 ).
Seven males and sixteen females comprised this cluster (n = 23, 25%). Mean years of education was 12.4 (S.D. = 2) with mean FSIQ of 89.3 (S.D. = 9.3). Their average age was 38.1 years (S.D. = 10.5). Similar to Cluster 1, over 60% of the patients in Cluster 3 had elevations on Hs (60.7%), D (75%), Hy (60.7%), Pa (82.1%), Pt (60.7%), or Sc (92.9%). The difference in elevations between Clusters 1 and 3 are apparent on scales Pa and Pt. Within Cluster 3, there were no significant elevations on Pa and 43% patients were elevated on Pt, reflecting a lack of significant suspiciousness and fewer anxious symptoms than evidenced in Cluster 1.
Differences by cluster groups on age of seizure onset, gender, and seizure lateralization
We examined for differences between MMPI-2 profile cluster groups on demographic variables (FSIQ, age, and education) as well as gender, age of chronic seizure onset, and seizure lateralization. Analyses of variance and χ 2 test for r ×k tables were utilized for the examination of these variables. n.s.: non-significant differences. 11] demonstrated a trend. A medium effect size (i.e., .50) was found between Clusters 1 and 2 for FSIQ, whereas a small effect (i.e., .33) was found between Clusters 2 and 3. A small effect size (i.e., .43) was found between Clusters 1 and 2 and comparing Clusters 2 and 3 for years of education. Inspection of the means suggest that Cluster 2 appears to have completed more years of education and to have earned higher FSIQ scores. Demographic data by cluster are presented in Table 3 .
Overall mean profile of sample
Examination of the average profile on the whole sample is presented in Figure 2 . On average, all scores were within normal limits with the exception of scale D (X = 65.1, S.D. = 12.4). Elevation on scale D indicates that on average, these patients endorsed a significant amount of depressive symptoms.
Discussion
The high-point code types of this sample of patients were quite diverse. Given this consideration and given the nature of the cluster analysis technique used (Aldenderfer & Blashfield, 1984) , it can be expected that the clusters derived from our analyses would not be characterized by specific code types. Rather, the derived clusters are suggestive of more general characteristics, which cluster members have in common. The frequency of clinical scale elevations in intractable epilepsy patients was 54.8% on scale Sc, 51.6% on scale D, and 51.6% on scale Hs. The large proportion of patients with clinical elevations on those and other scales (87% of the sample) is important to note given that the mean cluster profiles can gravitate toward normal limits. Cluster 2 demonstrates this fact where only 12 of the 36 patients had no significant elevations on clinical scales. In addition, the overall mean profile of the sample resulted in only one elevation in the clinical range, on scale D.
Based on cluster analyses results, the pattern of scale elevations in our sample is consistent with literature that scales Hs, D, Hy, Pt, and Sc of MMPI-2 are more frequently elevated due to the number of items that contain common cognitive and somatic symptoms of neurological patients (Gass & Ansley, 1995) . Based on their respective neurological disorders, neurological patients endorse certain MMPI-2 items more commonly than others (Alfano, Finlayson, Stearns, & Neilson, 1990) , particularly items that are on scales Hs, D, Hy, Pt, and Sc. Nevertheless, it is possible that somatic and cognitive complaints consistent with epilepsy and not necessarily with significant psychopathology may contribute heavily to these elevations for many patients. However, the fact that neurological patients commonly endorse these items should not undermine the likely distress related to the impairments and incapacitations associated with intractable seizures. Furthermore, one may consider the responses on the MMPI-2 as "functional, adaptive patterns to a dysfunctional status rather than as dysfunctional adaptation patterns" observed in a chronic illness such as intractable seizures (Naugle & Rodgers, 1992, p. 512) .
Examination of patient profiles using cluster analysis provided three subgroups of intractable epilepsy patients with the MMPI-2. The average MMPI-2 profiles for the identified clusters suggested that 45% of the sample had minimal or no psychological complaints, 30% had generalized clinical elevations, and 25% had primarily elevated somatic complaints. The present study did not find specific demographic or patient variables that are associated with a given MMPI-2 profile. However, the fact that 87% of the patients in the total sample had elevations in the clinical range suggests the substantial psychological impact that intractable seizures may have on these patients, independent of the locus of seizures or the patient's gender.
Although this study did not test the association between these three cluster profiles and external measures of psychopathology, some speculative interpretations can be made. It is possible that patients in Cluster 2 are those with less physical symptoms and/or demonstrate a relatively successful psychological adjustment to intractable epilepsy. In addition, two trends suggest that this subgroup may be better educated and earn a higher score on an intelligence scale. Further examination of cognitive abilities such as memory functioning may be important in distinguishing these groups. The Cluster 3 profile may consist of patients experiencing clinical elevations that are more a function of the severity of their disorder than psychopathology and/or sensitivity to somatic symptoms of their condition. Cluster 1 profile group may represent those patients with increased physical and cognitive symptoms or increased psychological distress or likely combinations of both. This cluster suggests that as much as one-third of epilepsy surgery candidates may have psychological distress significant enough to indicate psychological treatment and/or management. Future research should explore if Cluster 1 patients are at greater risk for poor outcome. Does Cluster 1 include patients with pseudoseizures in addition to complex partial seizures? Are Cluster 1 patients at greater risk for non-compliance with continuing medication regimes? Are they more likely to abuse drugs or alcohol, which might contribute to poor outcome?
Further examination of correlates of group membership would increase our understanding of the patient's experience of living with intractable epilepsy and provide information for treatment planning and development of psychotherapy interventions. More specific evaluation of the patient's experience of depression or anxiety, the patient's methods of coping with lifestyle-related adjustments, and psychosocial and occupational functioning is warranted. In addition, those patients for whom treatment is recommended would benefit from the examination of patients' differential treatment response to psychotherapeutic interventions (counseling, education, relaxation training, or support group). For example, do certain patient subtypes adjust better to changes accompanying neurosurgery if they have participated in a series of educational and counseling sessions? Although psychopathology as a construct does not discriminate neurological variables or surgery candidacy, a personality profile may provide information regarding the patient's coping skills and resources available. This information would be important for identification of patients who may benefit from intervention to assist with coping during subsequent medical procedures and the postsurgery recovery period. Psychologists' continued participation in the interdisciplinary care of epilepsy patients would benefit the understanding, treatment, and prevention of psychopathology in epilepsy patients (Hermann & Whitman, 1992 , p. 1134 .
